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Abstract-In order to obtain evidence about the ability of the 
sulphone group as anchimeric assistant, the behaviour of the 
erythro and threo-1,2-dimethylcand 1,2-diphenylj-2-halo-l- 
methylsulphonylethanes in their reactions with NH40H/CH3CN, 
NaOH/MeOH and AgBFb/MeOH is described. The participation is not 
detected in any case on butane derivatives or on 1,2-diphenyl- 
ethane derivatives with basic nucleophiles, which yielded mainly 
elimination products. Reactions of the last compounds with 
AgBF4/MeOH only afforded mixtures of substitution prod"cts,with 
predominance of those with the same configuration of the starting 
sulphones in the case of erythro-derivatives, which must only 
evolve through an SN1 mechanism in competition with the 
anchimeric assistant process. This is the first reported result 
suggesting that the weak nucleophilic character of the 
sulphonylic oxygens can determine its participation as anchimeric 
assistant in the substitution of good leaving groups in 
E-position. 

INTRODUCTION 

The studies on the reactivity of B-halothioethers with different nucleophiles 

have allowed the stereospecific synthesis of many t3-heterosubstituted thioethers', 

taking advantage of the great ability of sulphenylic sulphur as anchimeric assistant, 

which controlled the course of all reactions, regardless of the nature of the 

nucleophile. On the contrary, the B-halosulphoxides exhibited a behaviour depending 

on the nucleophilic reagent. Thus, when this had a weak basic character the 

sulphinylic oxygen was able to act as anchimeric assistant, where the substrates 

evolved into the products through the cyclic alkoxysulphonium salts (A. scheme l), 

whereas with more strongly basic nucleophiles the elimination products were 

predominant2. 

Sulphone oxygens show nucleophilicity only under unusual conditions. The only 

example known to these authors was reported by Whiting et al 
3. 

rn decomposition of 

the arene diazonium salt in sulpholane. Thus, it is not surprising that the 

anchimeric assistance by the sulphone group has not been detected3, although the 

stabilization 
Oa 

or intramolecular trapping 4b 
of carbobations by this group have been 

suggested in brominations of some unsaturated sulphones.Taking into account the results 

obtained with thioethers 
1 2 

and sulphoxides , and 

evolve through intermediates like B (scheme 1) 

thought that these substrates would be adequate 

participation, or not, of the sulphone group in 

4417 

that the a-halosulphones could 

structurally similar to A, we 

for obtaining evidence on the 

the substitution of the halogen. 
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Thus, in this paper, the study of the reactions of erythro and threo-1,2-dimethyl 

(and 1,2-diphenylj-2-halo-1-methylsulphonylethanes with different nucleophiles 

(NaOH/MeOH, NH40H/CH3CN and AgBF4/MeOH) is reported. 

Scheme 1 

The notation used to design the halosulphones considered here is indicated 

in Scheme 2. Similar notation vi11 be used in other sulphones (Y = OH, OMe, 

indicated as subindexes) also exhibiting butane (1) or 1,2-diphenylethane (II) 

skeleton. The synthesis and the conformatronal analysis of the sulphones in 

scheme 2, have been previously reported'. 

Configuration 

Y SO Me 
R Y erythro threo 

I 2 
- - 

R - ;H -CH-R Me Br 
=:r 

I 
t 
Er 

ervthrote) 

and W tt) 

Ph Cl 
%l 

t 
%l 

Ph Br IIe 
Br II& 

Scheme 2 

RESULTS AND DISCUSSION 

The reactions of fir and It Br with basic nucleophiles (NaOH/MeOH and NH40H/ 

CH3CN) took place in a stereospecific way yielding, respectively, the olefins 1 

and 2, whose configurations were established from their nmr-parameters (see 

experimental) and by study of the LIS efects 
6 

using Eu(dpmj3. The slopes obtained 

for the different protons, relative to that for (5) CH3, which has been taken as 

1.00 in both substrates, are indicated in scheme 3. The assignment is mainly 

carried out from the slopes of the protons (3)CH and (4) Me in both isomers. 
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The stereochemical results auggested the evolution of substrates according to 

an E2 mechanism. On the other hand, the higher reactivity of the erythro sulphone 

with respect to the threo- one 
7 

can be explained from the conformational preferences 

of the starting materials (the rotamers depicted in scheme 3 are the favoured one* 

for Iir and fir51 taking into account the required stereochemistry for the E2 

processes. 

In the case of the sulphoxides with the same skeleton as that of IY, their 

reactions with AgBF4/MeOH. a weaker basic nucleophile than those used before had 

revealed the anchimeric assistance of the sulphinylic oxyg5n2. 
8 

The reaction of Iir 

with this reagent yielded only a 9:l mixture 
t 

of l:IoMe in 12 hours, while Ii, 

afforded, after 15 days, a 7:3 mixture of 2:Ie 
OMe 

recovering starting material with- 

out reacting (~30%). The fact that the E2 and SN2 products were the only ones 

detected in these reactions, indicates that the ability of the sulphone group as 

anchimeric assistant, if it exists, has to be much lower than that of the 

sulphoxide group. 
t 

The higher proportion of the SN2 product and the slower evolution 

observed for I_, must be a consequence of its aforementioned lower reactivity in 

E2 processes. Moreover, the stereochemistry of the favoured rotamers (scheme 3) 
t 

suggests that the SN2 processes must also be slower in IBr than in Iir using steric 

considerations. 

Afterwards, we have studied the behaviour of the 2-halo-l-methylsulphonyl-1,.2- 

diphenylethanes,II~ and II; (Y = Cl, Brj6!,with the same nucleophilic reagents. The 

benzylic character of the carbon-halogen bond, must facilitate the substitution 

processes on these substrates, suggesting that a weak anchimeric asistance could 

be more easily evidenced. Unfortunately, the reactions of II; and 11; with 

NH40H/CH3CN yielded exclusively the elimination products. The erythro sulphones 

evolved into (E)-1,2-diphenyl-l-methylsulphonylethylene (3) easily recognized 

from its nmr parameters 
9 

suggesting that an E2 process has taken place. The threo- 

isomer5 yielded mixtures of the (El- and (Zl-olefins (3 + 4), whose proportion 

depended on the halogen. The minimal reaction times required for the complete 

evolution of the substrates and the proportion of 3 and 4 in the mixtures obtained 

from II: (which remain constant during the process) are indicated in scheme 4. 
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Scheme 4 

The obtention of 3 from 115 can only be explained assuming the formation of 

an a-sulphonylbenzylic carbanion evolving, at least partially, into the (E)- 

olefin, 3. The dependence of the composition of the 3 + 4 mixtures or the nature 

of the halogen indicates that the BlcB process (almost independent of the 

halogen) must be in competition with the E2 process (yielding 4 and being easier 

when Y = Br)". 

The large difference in the evolution rates of erythro- and threo-sulphones 

(see scheme 4) must be attributed to the different rate of the E2 processes on 
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both substrates (the similar basicity of their benzylic protons does not suggest 

substantial changes in the ElcB rates), which can be explained on the basis of the 

higher stability of the olefin 3 
11 

(see later). 

The reactions of compounds IIY fY = Cl, 51-l with NaOH~~e~H yielded after 10 
t 

days at room temperature a mixture of 3, IIgMe and IIOMe, with the same proportion 

(60.9:7.3:31.8 respectively) in all cases. Nevertheless, when stopping the reaction 

at 30 seconds the starting sulphones have completely disappeared, the olefins 3 

and 4 being the only existing products. 

3, while from 11: a 

As in the preceding reactions, 11: yielded 

mixture of 3 and 4 was formed. This indicates, that the 

obtained methoxysulphones are addition products on the olefin intermediates and 

not substitution products on 14.. The identical final composition of the reaction 

mixtures, regardless of the starting sulphone indicates the state of an equilibrium 
12 

between the compounds involved (scheme 5) . The absence of 4 in the equilibrium 

indicates that this must be much more unstable than 3. The isomerization betveen 

both olefins, only observed in the sense 4-3, supports this conclusion, which is 

also in accordance with the isomerisation experiences carried out on the (El- and 
13 

(Z)-2-phenylsulphonyl-1,2_diphenylethylene *The steric interactions of the sulphone 

group with the aromatic rings in olefins 3 and 4, suggest that the favoured stereo- 

chemistry in each is that depicted in scheme 5. As we can see, the Larger conjugation 

(and therefore larger stability) corresponds to fE)-olefin 3. This explanation is 

in accordance with the A 
13 

max and E values assigned to both isomers in compounds of 

similar structure . 
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Scheme 5 

The reactions of IIY (Y = Cl, 8r) with Ag8F4iMeOH afforded mixtures of 

B-methoxysulphones (see proportions in scheme 6). The low basic character of the 

methanol justifies the absence of the elimination products, while its weak nucleo- 

phility excludes the possibility that the obtained substitution products could 

come from the nucleophilic addition to the double bond 
14 

(in that case olefin 

3 would probable be detected among the reaction products). 

The threo-halosulphones yielded mixtures in which erythro-methoxysulphones 

are predominant. The competition between SN2 (yielding IIEMe with inversion in 

the configuration) and SNl processes (causing racemization and therefore a mixture 
e 

Of "OMe 
and II 

iMe) 
satisfactorily explain the obtained results. The decrease of 

the methanol concentration. diminishes the proportion of molecules evolving 
t 

through the SN2 mechanism, and so, the treatment of IIB, with AgBF4 in CHC13 

containing 5% of methanol, gave an equimolecular mixture of both methoxysulphones, 

which indicate the complete transformation ofthesubstrate by the SN1 mechanism. 
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The erythro-halosulphones yielded mixtures (see Scheme 6). in which the 

major 
e 

'IOWe' 
also exhibited the erxthro- configuration. This result can -_ ---- 

only be rationalized by assuming that the anchimeric assistance of the S02Me or 

Ph group, to the leaving halogen, determining retention in the configuration takes 

place to some extent. The participation of the phenyl group, which would generate 

the C intermediates (scheme 71, can be reasonably excluded. From a steric point 

of view, C 
t 

must be much more stable than Ce. Morever, the formation of C 
t 

must 

be easier than that of Ce because the favoured rotamer for their respective 

starting tiaterialscdepicted in scheme 7) exhibits the adequate stereochemistry for 

the participation of the phenyl group in the case of II:=, but not in that of II;=. 

Therefore, if the phenyl group acted as anchimeric assistant, its effect would 

have to be more significant on the substrate exhibiting threo- configuration 
15 , -_--- 

which is in opposition to the experimental results. 
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On the contrary, the higher stability of Be and its easier formation from its 

starting sulphone (both with respect to 
t 16 
B 1 whose favoured rotamer exhibit the 

adequate stereochemistry for the S02Me participation, satisfactorily explain 

that the anchimeric assistance competes, only in the case of erythro sulphones. 

with other processes determining inversion of configuration or racemization. 

The experiments performed on II:, decreasing the concentration of the 

nucleophile (by using CHC13 and 5% MeOH as solvent), indicate that only a slight 

increase in the percentage of IIEMe is produced (see scheme 7). This suggests 

that the SN2 mechanism has little significance as an evolution pathway of the 

erythro sulphones, which must therefore evolve through an SNl process in 

competition with the anchimeric assistance process.Taking into account that as 

concentration of MeOH decreases the medium polarity also diminishes, which favours 
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the anchimeric assistance process with respect to the SNl process, it is possible to 

explain the observed changes in the composition of the reaction mixtures when the 

concentration of MeOH is modified. 

As can be easily deduced from scheme 7, the steric and electronic interactions 

between the S02Me group and the nucleophile in its approach to II:, according to a 

SN2 process, must be larger than those between the phenyl group and the nucleophile 

in the case of II 
t 
Y' 

This justifies the different ability of both substrates to 

evolve through a SN2 mecanism. 

As we can see (scheme 7) only 40% of the molecules evolved with participation 

of the sulphone group in the most favourable case. with preference to the alternative 

SNl mechanism. Thus, we can conclude that the weak nucleophilic character of the 

sulphonylic oxygens only permits the S02Me group of B-halosulphones to act as 

anchimeric assistant under very favourable conditions, in which the substrates 

cannot evolve by other competitive pathways. 

EXPERIMENTAL -------_____ 

The nmr spectra of all samples were recorded as CDCl solutions on a Bruker 
WP-200-SY spectrometer in TF mode. The synthesis of B-halosilphones used in this 
work as starting materials has been previously described5. The reaction times were 
indicated in the previous section and the composition of the crude reaction mixtures 
was determined by lH-nmr using the intensities of the well separated signals. 

Reaction of B-halosulphones. a) With sodium hydroxide: ------- 1 mmol of the corresponding 
B-halosulphone was solved in 30 ii-o?-a-i%-acueous-methanolic solution (1:l) of 
sodium hydroxide. The reaction mixture was allowed to stand at room temperature 
and extracted with methylene chloride. The combined extracts were washed with water, 
dried over anhydrous sodium sulphate and the solvent was removed under reduced 
pressure. B) With ammonium hydroxide: ----_______---- ------- To a solution of 1 mmol of the 6-halosulphone 
in 10 ml of acetonitrile were added 10 ml of 20% ammonium hydroxide. The reaction 
mixture was diluted with 20 ml of water and the isolation of the reaction products 
were carried out as described in A. C) With silver tetrafluoroborate: A 0.19 g (1 
mmol) sample of silver tetrafluoroborate-wa~-~~~~~-~~-~-~~ii-~~~~~~~ solution of 
1 mmol of the B-halosulphone in 20 ml of methanol (or chloroform containing 5% of 
methanol). The reaction mixture was worked up as described in A. 

Compounds 1 and 2 were obtained as viscous liquids from Ikr and I;, respectively 
and purified by column chromatography (silica gel Merck K-60, 70-230 mesh and 
CH2C12 as eiuent); found 1, C 45.01; H 7.38, s 24.00, 2, C 44.93; H, 7.50, 

Table 1. Spectroscopic data of compounds 1 and 2 

1 H-nmra 13C-nmra 

Chemical shifts (ppm) Coup.Const. (Hz) Chemical shifts (ppm) 

H(1) H(3) H(4) H(5) Jw J34 J14 C(1) C(2) C(3) C(4) C(5) 

1 2.05 6.83 1.86 2.86 1.4 7.0 1.2 11.3 137.5 136.4 13.8 40.2 
2 2.09 6.24 2.11 2.92 1.5 7.4 1.6 19.9 137.0 137.6 14.6 41.9 

Ii7 (film) umaxb "" 'max 
EtOH (=)c 

1 1655, 1293, 1170, 1117, 963, 762, 676, 669, 536, 523 205 (4250) 
2 1650, 1296, 1176, 1123, 959, 838, 759, 610, 543 205 (8000) 

MS m/z (intensity)d 

1 134 (~+)(18.8), 119 (1.3), 91 (26.7), 81 (18.7), 72 (8.3). 71 (56.6)* 
64 (12.0), 63 (ll.l), 55 (loo), 53 (29-O), 43 (34.l) 

2 134 (N+)(lOO), 119 (0.5), 91 (16.0), 81 (4&O), 72 (6.7), 7l (26.9). 
65 (6.9). 63 (20.9). 55 (96.5). 53 (33.7). 43 (31e4) 

aFrom internalTMS. Numbering is shown in scheme 3. 
b Recordedon a 

Nicolet DX spectrophotometer. c Recorded on a Perkin Elmer 124 spectro- 
photometer. d Recorded on a HP-5985 spectrometer at 70 eV. 

S 24.30. 1 and 2 require C 44.75, H 7.51, S 23.89. Spectral parameters are shown 
in table 1. Assignment of the different resonances to each individual proton was 
done on the basis of proton-proton coupling constants and chemical shift changes in 
the presence of Eu(dpm)g. 13C-nmr assignment of the methyl groups was performed by 
bidimensional lH-13C nmr correlated spectroscopy. 
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